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O.felineus (KomaHbfl hjih cn6HpcKafl ^ByycTKa) — TpeMaTO^a ceM. Opisthorchiidae, 
napa3HTHpyiomaH b >KejiHHbix npoTOKax, >kcjihhom ny3bipe hjih no,zpKejiy£OHHOH >Kejie3e 
pM6ofl£Hbix MjieKonHTaiomHx h HejioBeKa. H3BecTH0, hto 6ejiKH, BbmejiaeMbie TpeMaTO- 
jjaMH (cexpeTOM), nrpaioT KJHOHeByio pojib b pa3JiHHHbix acneKTax B3aHM00TH0iueHHH na- 

p33HT-X03AHH. B HailieH pa 60 Te C nOMOmtK) MaCC-CneKTpOMeTpHH BbICOKOH TOHHOCTH H 

pa3pemeHHfl (LTQ-FT-ICR) mbi onpe^eJiHJiH 37 6eJiKOB — komhohchtob 3KCKpeTopHo- 
ceKpeTopHoro npo^yKTa O. felineus, oTHocjimHxai k cJie^yiomHM rpynnaM: aHTHOKcnjjaHT- 
Hbie (Cu/Zn cynepoKCH^HCMyTa3a, 4 H30(j)opMbi rnyTaTHOH-S-TpaHC(j)epa3, TnopejjoKCHH 
nepoKCH,zja3a, THope^oKCHH), 6ejiKH UHTOCKejieTa (6eTa-Ty6yjiHH, napaMH03HH), (jjepMeH- 
Tbi yrjreBO^Horo oGMeHa (c|)pyKT030-l,6-6HC(])oc(j)aTa3a, 4>o c 4 )oeHOJinH Py BaT ‘ Ka P^ OKCHJTa " 
3a, ^pyKT030 l,6-6nc(|)oc$aT ajib,zjojia3a, eHOJia3a, JiaKTaT^erH,aporeHa3a, TpH030(])0C(j)a- 
TH30Mepa3a), TpaHCnopTHbie 6ejIKH (MH 0 rJ 106 HH, (])eppHTHH, 6ejlOK, CBfl3bIBaK>mHH >KHp- 
Hbie khcjiotm), npoTeojiHTHHecKHe ^epMeHTbi (KaTencHHbi F h Bl, UHCTenHOBaa npoTea3a 
h JieHqHHaMHHonenTH,aa3a 2), 6eJiKH c HeH3BecTHOH <J)yHKUHeH h ,zjp. TaK>Ke b cocTase 
3Cn onncTopxHjj HaMH BnepBbie onpejjeJieH 6eJioK (Of-HDM), npHHa^Jie^camHH k hobomy 
ceMencTBy 3amHTHbix MOJieicyJi reJibMHHTa. npe^cTaBJieHHbie b jjaHHOH pa6oTe pe3yjibTa- 
ra noKa3MBaioT, hto ceKpeTOM O.felineus co^ep^cHT uinpoKHH cneKTp MHoro^yHKqHOHajib- 
hbix 6ejiKOB. 3Ta HH<j>opMaqHfl Mo^ceT 6bitb noJie3HOH jynsi ^ajibHeniiiero HccJie^oBaHHfl 
MOJieKyjinpHbix MexaHH3MOB naToreHe3a onncTopxo3a, h HeKOTopbie H3 onpejjejieHHbix 
H3MH 6eJiKOB MoryT npe^cTaBJiHTb HHTepec KaK noTeHimaJibHbie aHTHreHbi j\j\k pa3pa6oT- 
KH B3K1JHH H HMMyHO^HaTHOCTHKH, TaK H nOTeHUHaJIbHbie MHI116HH HOBbIX aHTHTeJlb- 
mhhthmx npenapaTOB. 

Rmonesbie cjioea : Opisthorchis felineus , neneHOHHbiH cocaJibiijHK, ceKpeTHpyeMbie 
6eJiKH, ceKpeTOM, 3amHTHbie MOJieKyJibi reJibMHHTa. 
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OnHCTOpxo3 ocTaeTca cepbe3HOH npoGjieMoii 3ApaBOOxpaHeHmi CTpaH 
A3 hh h Boctohhoh EBponbi. Opisthorchis felineus (Rivolta, 1884) — TpeMaTO^a 
ceM. Opisthorchiidae (Looss, 1899), B036yAHTejib onncTOpxo3a— pacnpocTpaHeH 
npeHMymecTBeHHO Ha TeppHTOpnn Pocchh h CTpaH 6jiH>KHero 3apy6e>Kb5i (YKpaH- 
Ha, Eejiopyccra, Ka3axcTaH h CTpaHbi npnGajiTHKH) (Eeop, 2005). 06b-Hp- 

TblLUCKHH GaCCeHH ABJHieTCfl CaMbIM 06lHHpHbIM H HHTeHCHBHbIM OHarOM 3T0T0 
rejibMHHT03a b MHpe. y nejiOBeica oimcTOpxo3, Bbi3BaHHbiH O. felineus, otjih- 
naeTCJi ^jiHTejibHbiM TenemieM h pa3BHTHeM TJDKejibix ocjio^chchhh, TaKHx KaK 
xojiaHrHT, xojieuHCTHT, CTpHKTypbi ^cejineBbiBO^mHx nyTefi, a6cu,eccbi neneHH, 
naHKpeaTHT, a TaioKe, no abhhbim pn^a aBTOpOB, MO^ceT cnocoGcTBOBaTb bo 3- 
HHKHOBeHHK) XOJiaHTHOKapUHHOMbl (paKa ^CeJlHHblX npOTOKOB) (Epa>KHHKOBa, 
TojiKaeBa, 2002; Epa^cHHKOBa, IJxaii, 2004). Me>KAyHapOAHoe areHTCTBO no 
nccjieAOBaHHK) paica (IARC) npn3Hajio AByx npeACTaBHTejiefi ceM. Opisthorc¬ 
hiidae — Opisthorchis viverrini (Poirier, 1886) n Clonorchis sinensis (Cobbold, 
1875) KaHueporeHaMH 1 rpynnbi, t. e. xpOHnnecKaa HH^eKu,™ 3 thmh rejib- 
MHHTaMn MO^ceT npnBOAHTb k pa3BHTHK) xojiaHrHOKapijHHOMbi (IARC mono¬ 
graph., 2012). Pojib ^ce O. felineus b pa3BHTnn onyxojieBoro npouecca neneHH 
n ^cejiHeBbiBOA^mnx nyTen Ha ceroAHHiimnn A^Hb Hejib3fl CHHTaTb AOKa3aHHoih 
Xotji HeKOTOpbie OTenecTBeHHbie aBTOpbi He noABepraiOT coMHeHHK) CBA3b 
Me^cAy onncTOpxo30M, Bbi3BaHHbiM O. felineus, n onyxoJiflMH neneHH (Epa)K- 
HHKOBa, TojiKaesa, 2002). HccjieAOBaHHe MexaHH3MOB pa3BHTHfl naTOJiorHne- 
ckhx H3MeHeHHH, b tom HHCJie h KaHu;eporeHe3a, b renaToGnjiHapHon CHCTeMe 
OKOHnaTejibHbix xo3^eB npH onHCTOpxo3e noKa3ano, hto 3HanHTejibHbiH bkjiaa 
b nx B03HHKHOBeHHe h pa3BHTHe bhocht ceKpeTOM, t. e. 6ejiKH, ceicpeTHpye- 
Mbie napa3HTaMH b cociaBe Taic Ha3biBaeMoro 3KCKpeTOpHO-ceKpeTOpHoro npo- 
AyKTa — 3Cn (Sripa, Kaewkes, 2000). KoMnoHeHTaMH 3CII rejibMHHTOB Moryr 
HBJi^TbCM h Apyrne ceKpempyeMbie BemecTBa: npOAyKTbi >KH3HeAeflTejibHOCTH, 
coA^p^cHMoe KHmenHHKa, Bem^CTBa, KOTOpbie BbiCBo6o>KAaK)TCfl c noBepxHO- 
cth TeryMeHTa n Ap. Oahako noKa3aHO, hto 6ejiKH, BxoA^mne b cocTaB 3CII y 
TpeMaTOA, HrpaiOT KjnoneByK) ponb b pa3JiHHHbix acneKTax B3aHMOOTHomeHHH 
napa3 HT—xo3ahh, HanpHMep cnoco6cTByK)T npOHHKHOBeHHK) napa3HTa nepe3 
TKaHH xo35iHHa (Robinson et ah, 2009), no3BOJWK)T H36eraTb hjih MOAyjmpo- 
BaTb HMMyHHbift OTBeT nocjieAHero (Loukas et ah, 2001; Donnelly et ah, 2005; 
Park et ah, 2009), ynacTByiOT b MOp(J)0(J)yHKUiHOHajibHOH nepecTpOHKe OKpy)Ka- 
lomnx TKaHen h oGecneneHHH napa3HTa nHTaTejibHbiMH BemecTBaMH (Berasain 
et ah, 1997; Robinson et ah, 2009; Smout et ah, 2009; Daorueang et ah, 2012; 
Liang et ah, 2013). B cboio onepeAt see oto cnoco6cTByeT AJimejibHOMy napa- 
3HTHpOBaHHK) rejibMHHTOB B OpraHH3Me OKOHHaTeJlbHOTO X03flHHa. 

OnpeAejieHHio GejiKOBoro cocTasa 3CF[ pa3JiHHHbix TpeMaTOA nocBameno 
6ojibmoe KOJinnecTBO pa6oT, BbinojiHeHHbix c npHMeHemieM npOTeoMHbix Me- 
toaob HCCJieAOBaHHH (Curwen et ah, 2004; Knudsen et ah, 2005; Morphew, 
2007), b tom HHCJie Rim O . viverrini h C. sinensis (Ju et al., 2009; Mulvenna et 
ah, 2010; Zheng et ah, 2011). nojiyneHHbie ABHHbie Hcnojib3yK)T npH noncKe 
MHmeHefi aha ycoBepmeHCTBOBaHHfl HMMyHOAnarHOCTHKH (Ju et ah, 2009), 
pa3pa6oTKH HOBbix BaKUHH h jieKapcTBeHHbix cpeACTB (Wei et ah, 2010). Eeji- 
KOBbiH cocTaB 3CI1 O. felineus paHee 6 biji oxapaKTepH30BaH KoTejiKHHbiM n 
Ap- (1997). Hmh 6buio onpeAejieHO 11 6ejiKOB pa3JiHHHOH MOJieKyjmpHOH Mac- 
cbi: pi05, p80, p74, p70, p66, p50, p40, p34, p33 p24, plO. Abtopbi noKa3ajin, 
hto Han6ojiee HMMyHoreHHbiMH JiBJifljiHCb 6ejiKH p74, p70, p66 h ocoGeHHO 
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pi05 h peKOMeH^OBajiH hx, KaK nepcneKTHBHbie am coBepmeHCTBOBaHra Me- 
TOAOB HMMyHOOTarHOCTHKH 0nHCT0pX03a (KOTeJIKHH H Ap-, 1997). 

HecMOTpa Ha mHpOKoe pacnpocTpaHeHHe h MeAHUHHCKyio 3HanHMOCTb hh- 
(J)eKUHH, BbI3BaHHOH O. feliiieUS, Ha CeTOAHfllHHHH MOMeHT 3T0T B036yAHTeJIb 
ABJiaeTCJi HaHMeHee roynemibiM bhaom c tohkh 3peHra npOTeoMHKH cpe^H 
3nHAeMHOJiorHHecKH 3HanHMbix npeACTaBHTejieii ceMencTBa ( O. viverrini , 
O.felineus , C. sinensis). 

U,ejibK) Hamero HCCJieAOBaHHH 6buio onpeAeneHHe 6ejncoBoro cocTasa 3Cn 
O. felineus , nojiyneHHoro b ycjiOBH^x KyjibTHBHpOBaHra in vitro , c noMombio 
npOTeoMHoro noAxoAa bbicokoh tohhocth h pa3pemeHra — MeTOAa Macc- 
CneKTpOMeTpHH C HCn0Jlb30BaHHeM MaCC-aHaJlH3aTOpa HOHHO-UHKJIOTpOHHOTO 
pe30HaHca c Oypbe-npeo6pa30BaHHeM. B a^hhoh paGoTe HaMH BnepBbie npo- 
TeoMHbiMH MeTOA^MH 6biJi HCCJieAOBaH ceKpeTOM O. felineus , o6cy)KAaeTC5i 
B03M0)KHafl pOJlb HeKOTOpbIX 6eJIKOB, HHTepeCHbIX C TOHKH 3peHHJI KaK H3yne- 
hhji naToreHe3a MOp(J)0(J)yHKUHOHajibHbix H3MeHeHHH b renaTo6HJiHapHOH chc- 
TeMe, TaK h b KanecTBe noTeHUHajibHbix MHuieHeft nun ycoBepmeHCTBOBaHra 
HMMyHOAHarHOCTHKH H BaKU,HHOnpO(|)HJiaKTHKH. 06cy>KAaK)TCfl nyTH ceKpe- 
Uhh 6ejiKOB Ha noBepxHOCTb TeryMeHTa h b npocBeT >KejiHHbix npOTOKOB. TaK- 
^ce b cocTaBe 3Cn onHCTOpxHA HaMH BnepBbie onpeAeneH GejiOK (Of-HDM), 
npHHaAJie^camHH k HOBOMy GejiKOBOMy ceMeftcTBy 3amHTHbix MOJieKyji rejib- 
MHHTa (Helminth Defense Molecules — HDMs). 


MATEPHAJI H METOAHKA 

nojiyneHHe m ap ht O.felineus 

MeTauepKapHH O. felineus BbiAejuuiH H3 3apa)KeHHbix jbch ( Leuciscus idus L., 
1758), oGmaiomHx b p. 06b b nepTe r. HoBOCH6HpCKa. PbiGhbih (jrapui noABepra- 
jih (J>epMeHTaTHBHOH o6pa6oTKe (nencHH — HCI) b TeneHHe hohh npn 37 °C. 

nOCJie BblAeJieHHH MeTauepKapHH HAeHTH(|)HUHpOBaJIH nOA CBeTOBbIM MHKpOCKO- 

noM. Xomhhkob (Mesocricetus auratus (Waterhouse, 1839)) b B03pacTe 3 Mec. 
3apa}KajiH nepopajibHO no 50 MeTauepKapHH. Hepe3 3 Mec. nocjie HH(J)HUHpoBa- 

HHfl )KHBOTHbie 6bIJIH 3BTaHH3HpOBaHbI nyTeM A^KanHTaUHH B aCenTHHeCKHX 
yCJIOBHHX. n0JI0B03peJIbIX MapHT BblAeJUIJIH H3 ^CeJIHHblX npOTOKOB. MapHTbl 
6bIJIH npOMbITbl HeCKOJIbKO pa3 CTepHJIbHbIM (J)H3HOJIOrHHeCKHM paCTBOpOM, 
COAepKaiUHM neHHUHJIJIHH (100 Ea/mJI) H CTpenTOMHUHH (100 mkt/mji) rjih ot- 
MbiBKH ocTaTKOB TKaHen xo3JMHa h KpoBH, a TaKJKe nm npeAOTBpaiueHHji 6aK- 
TepnajibHoro 3arpfl3HeHH5i. IJenocTHOCTb rejibMHHTOB 6bma npoBepeHa no a 
CBeTOBbIM MHKpOCKOnOM. COA^p^CaHHe >KHBOTHbIX H 3KCnepHMeHTbI npOBOAM- 

jih no npoTOKOJiy Ns 7 ot 19.12.2011, yTBepjKAeHHOMy GH03THnecK0H komhc- 
CHeft Ul\nr CO PAH. 


nojiyneHne GejiKOB 3Cn MapHT O.felineus 

HenoBpe>KAeHHbix ^chbmx nepBeii KyjibTHBHpOBajiH b naniKax neTpH (10 
oco 6 en b mji) b cpeAe RPMI1640, coAepacaiueii neHHUHjuiHH (100 Ea/mji) h 
CT penTOMHUHH (100 mkt/mji), npH 37 °C h 5 % C0 2 b TeneHHe 24 h. 
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riocjie HHKy6au;HH cpeay coGnpajm, aoGaBJiajiii KOKTeiiJib iiHrn6iiTopoB 
npoTea3 (protease inhibitor mix, GE Healthcare, USA) 11 ueHTpmjtynipOBajiH 
700 X g 15 mhh, 3aTeM cynepHaTaHT eme pa3 u,eHTpH(J)yrHpOBajiH 15 000 x g, 
30 mhh npH 4 °C ajiji Toro htoGm H36aBHTbca ot ana napa3HTOB. 3aTeM BbiAe- 
jhijih 6ejiKH c noMon^bK) MeTO^a, onncaHHoro Beccejib h Ojnore (Wessel, 
Fliigge, 1984), c HeGojibuiHMH MOAncjiHKauHflMH. KpaTKO, k 1 mji cpe^bi c 3CU 
AoGaBjnuiH 4 mji MeTaHOJia, nepeMeuiHBajiH, Ao6aBjnuiH 1 mji xjiopo(J)opMa, ne- 
peMeoiHBajiH h 3aTeM Ao6aBJuuiH 3 mji AHCTHJiJiHpOBaHHOH boabi ajia pa3^ejie- 
hha (J)a3. nojiyHeHHyio CMecb OHeprHHHO nepeMeuiHBajiH h ueHTpH^yrapOBajin 
1 mhh npH 9000 X g. 3aTeM HHTep(J)a3y h hh)khiok) (J>a3y aiacypaTHO nepeHOcn- 
jih b 1.5 mji npoGnpKH, Ao6aBJuuiH 0.3 mji MeTaHOJia, TmaTejibHO nepeMeiuHBa- 
jih h ueHTpH(J)yrHpOBajiH 2 mhh 9000 X g, hto 6 m 6ejiKH BbinajiH b ocaAOK. Flo- 
jiyneHHbie oca^KH pacTBOpajin b aMMOHHH 6HKap6oHaTHOM 6y(J)epe. KoHueHT- 
pauHio 6ejiKa omeHHBajiH no MeTOAy Bpe^op^a (Bio-Rad Protein Assay, 
Bio-Rad Laboratories). 


TpnncHHOJiH 3 GejiKOB b pacTBOpe 

TpnncHHOJiH3 nojiyneHHbix GejiKOB npOBOAHJiH no CTaH^apTHOH MeTOAHKe, 
onncaHHOH PeceHAe h Ap. (Resende et al., 2013), c HeGojibiiiHMH moah(|)h- 
Kaun^MH. KpaTKO, k 2 mkt 6ejiKa, pacTBOpeHHoro b 20 mkji 40 mM aMMOHHH 
6 HKap 6 oHaTHoro 6y4>epa (pH 8.0), AoGaBJuuiH Tpnc (2-Kap6oKCH3THJi) (J)oc- 
(J)hh rnApoxjiopHA (TCEP; Pierce, USA ) a o KOHenHOH KOHueHTpaunn 10 mM. 
BejiKH ACHaTypHpOBajiH 10 mhh npH 95 °C. nocjie ocTbiBaHHa o6pa3uoB uhc- 
TenHOBbie ocTaTKH ajiKHJiHpOBajiH 15 mM HOAaueTaMHAOM b TeMHOTe b Tene- 
Hne naca. TpnncHH (Promega, USA) AoGaBJuuiH b KOHueHTpaunn 30 Hr Ha 06 - 
pa3eu, b aMMOHHH 6HKap6oHaTHOM 6y(J>epe h HHKyGnpOBajiH 16—18 h npn 
37 °C, 


Macc-cneKTpOMeTpHHecKHH aHajiH3 rHApojiH3aTa GejiKOB 
3Cn m ap ht O. felineus 

Macc-cneKTpOMeTpHHecKHH aHajiH3 rnAp0JiH3aTa GejiKOBOH (jjpaKUHH 3CIT 
npoBOAHJiH MeTOAOM KOMGnHHpoBaHHoro aHajiH3a, BKJnonaiomero: 

1) pa3AejieHHe rHApOJiH30BaHHbix nenTHAOB MeTOAaMH BbicoK03(J)(J)eKTHB- 
HOH )KHAKOCTHOH XpOMaTOrpa<|)HH (HPLC) Ha 06paiIteHH0-(J)a30B0H KOJIOHKe 
(0.3 X 150 mm, Pepmap Cjg) npH ckopocth noTOKa 5 mkji/mhh h jiHHenHOM 
rpaAHeHTe ot 5 ao 65 % aueTOHHTpmia h 0.06 % MypaBbHHOH khcjiotm, hc- 
nojib3yH )KHAKOCTHbiH xpOMaTorpa<|) LC Packings Ultimate Chromatograph 
(Dionex, USA); 

2) (J)parMeHTauHio 3 JiioHpoBaHHbix c kojiohkh nenTHAOB (MS/MS) npoBo- 
Ahjih Ha LTQ-FT-lCR-Macc-cneKTpOMeTpe, coneTaiomeM b ce 6 e TexHOJiornn 
JIHHeHHOH KBaApynOJIbHOH HOHHOH JIOBymKH H HOHHO-UHKJIOTpOHHOrO pe30- 
HaHca c Oypbe-npeo 6 pa 30 BaHHeM (hybrid linear quadrupole ion trap Fourier 
transform ion cyclotron resonance mass spectrometer) (Thermo Finnigan, Ger¬ 
many). 
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BHOHH(J)OpMaTHHeCKHii IIOHCK H 6a3bl ^aHHblX 

nojiyneHHbie Macc-cneKTpbi o6pa6aTbiBajiH c Hcnojib30BaHHeM nporpaMMbi 
BioWorks 3.2 (Thermo Scientific, USA), nocne nero cne^osajia HACHTHc|)HKa- 
umi nenTH,ztOB/6ejiKOB c noMombio nporpaMM Mascot Bepcra 2.2.04 (Matrix 
Science, UK) c npHBJieneHHeM 6a3 AaHHbix, oimcaHHbix HH^ce. npn noncKe hc- 
nojib30Bajin cjie^ytOLnne napaMeTpbi: tohhoctb onpeAejieHHJi MaTepHHCKoro 
HOHa — 0.2 ppm (mhjijihohhmx AOJieii), tohhoctb onpe^eneHra AonepHnx 
((J)parMeHTHbix) hohob — 5.0 ppm, niApoJiroyiomHH (J)epMeHT — TpnncHH, 
AonycKajica oahh nponymeHHbiii cam rHApOJiroa TpuncuHOM Ha nenTHA, 3apa- 
AOBoe cocTO^HHe hohob nenTHAa 1+, 2+ h 3+, H3 npeAnoJiaraeMbix MOAH(J)HKa- 
u,hh b nenTH^ax yHHTbreajin Kap6aMHAOMeTHJiHpOBaHne ocTaTKOB uncTeHHa h 
OKHCJ ieHHe ocTaTKOB MeTHOHHHa. riopor 3HanHMOCTH b nporpaMMe Mascot 
6 bm ycTaHOBJieH Ha 3HaneHHH p < 0.05, h tojibko nenTHABi c HHAHBHAyajibHbiM 
CKOpOM Bbime 3Toro 3HaneHH^ Hcnojib30BajiH rjm HAeHTH^HKaijHH GejiKa. Ee- 
jiok CHHTajicji onpe^ejieHHbiM, ecjin xotji 6 bi oahh yHHKajibHbiH nenTHA HMen 
CKOp Bbime nopora 3HanHMOCTH h oGiijhh CKOp 6ejiKa npeBbiman 50. Machth- 
(J)HKauHio 6ejiKOB npOBOAHJin c Hcnojib30BaHHeM 6a3bi AaHHbix ESTs O. feline- 
us , nojiyneHHbix b Hameft jia6opaTOpHH, cocToamen H3 2648 nocjieAOBaTejib- 
HOCTeii h 267 KonraroB (Pomaznoy et al., 2013). ,2,ajiee rjix HACHTHcJjHKauHH 
SejiKOB 6buiH HcnoJib30BaHbi CKOHCTpyHpOBaHHbie HaMH Ha ocHOBe AOCTynHbix 
hctohhhkob (NCBI nr, SwissProt, ACKaGpb 2013 r.) cneu,HajiH 3 HpOBaHHbie 
6 a3bi AaHHbix Rim 6 jiH3KOpOACTBeHHbix rejibMHHTOB noAKJiacca Digenea (Ca¬ 
ms, 1863): 72480 HyKJieoTHAHbix nocjieAOBaTejibHOCTeii (Digenea nr) h 45161 
aHHOTHpOBaHHbix 6enKOBbix nocjieAOBaTejibHOCTeii (Digenea_prot). 

lloHCK CHraajibHbix nenTHAOB (CF1) ocymecTBjnuiH c noMombio nporpaMMbi 
SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/). EIohck KOHcepBaTHBHbix 

AOMeHOB H MOTHBOB B aMHHOKHCJIOTHbIX nOCJieAOBaTeJIbHOCTJIX BbinOJIHJIJIH C 

noMombio nporpaMMbi InterPro (http://www.ebi.ac.uk/interpro/). BbipaBHHBa- 
HHe aMHHOKHCJioTHbix nocjieAOBaTejibHOCTeii GejiKOB npoBOAHJiocb nporpaM- 
moh ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/). AHajiH3 cnnpajib- 
hhx CTpyKTyp GejiKa (helical wheel analysis) BbinoJiHeH c noMombio nporpaM¬ 
Mbi HeliQuest (http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParamsV2.py). 


PE3YJIbTATbI H OECYflCAEHHE 

npoTeoMHbiii aHajiH3 3Cn O. felineus, 
no JiyneHHoro nocne KyjibTHBHpOBaHHfl in vitro 

no Mepe HaKonjieHra 3HaHHTejibHoro KOJiHuecTBa reHOMHbix h TpaHCKpHn- 
TOMHblX AaHHbIX H pa3BHTHfl MaCC-CneKTpOMeTpHH CTaJIH mHpOKO npHMeH^Tb- 
ch npOTeoMHbie mctoam AJifl aHajiH3a ceKpeTOMOB pa3JiHHHbix rejibMHHTOB, b 
tom HHCJie h TpeMaTOA, Ha pa3JiHHHbix CTaAMx pa3BHTH^ (Curwen et al., 2004; 
Knudsen et al., 2005; Ju et al., 2009; Mulvenna et al., 2010; Zheng et al., 2011). 
TeM He MeHee HccJieAOBaTeJin craJiKHBaioTCfl c paaom npo6jieM: (i) HeB03MO>K- 
HOCTb b noA^BJi^iomeM 6ojibmHHCTBe cjiynaeB HCCJieAOBaTb 3Cn in vivo; (ii) 
He6ojibmoe KOJinnecTBO aHajiH3HpyeMoro 6ejiKa; (iii) orpaHHneHHOCTb AOCTyn- 
Hbix HyKJieoTHAHbix h 6ejiKOBbix nocjieAOBaTejibHocTeH jxm TpeMaTOA, b tom 
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HHCJie h nun O. felineus (2563 ESTs, 582 6ejiKa Ha ueKa6pb 2013 r. b 6a3e 
uaHHbix NCBI), hto 3aTpyAH«eT aHajiH3 nojiyneHHbix Macc-cneKTpOMeTpHne- 
CKHX MHHblX. YHHTblBa^ 3T0, MbI HCII0JIb30BaJlH: (i) KyJlbTHBHpOBaHHe nOJIO- 

B03pejibix MapHT O. felineus b TeneHHe 24 h in vitro, Kaic HaH6ojiee pacnpo- 
CTpaHeHHyK) Mouenb 3KcnepHMeHTa npH royneHHH ceKpeTOMOB TpeMawu, (ii) 
LTQ-FT-ICR-Macc-cneKTpOMeTp KaK HaHGonee nouxouaiUHH rjix aHajiH3a Ma- 
jibix KOJiHnecTB GejiKa b CMecu h, HaKOHeu, (iii) HecKOJibKO 6a3 uaHHbix nun 
O. felineus (ESTs O. felineus (Pomaznoy et al., 2013), Digenea nr h Dige- 
nea_prot). 

Bo (J)paKu,HH 3CTI, nojiyneHHOH nepe3 24 h nocne KyjibTHBHpOBaHHn O. fe¬ 
lineus in vitro, npH aHajirae npOTHB ESTs, nojiyneHHbix b Hamefi jiaGopaTOpHH, 
HaMH 6biJio H,aeHTH(J)HUHpOBaHO 14 GejiKOB. TaKoe HeGojibiuoe hhcjio o6ycnoB- 
neHO HeGojibniHM KOJiHHecTBOM onyGjiHKOBaHHbix ESTs. anee c Hcnojib30Ba- 
HHeM CKOHCTpyHpOBaHHbix uJin nouKJiacca Digenea 6a3 uaHHbix Mbi bm^bhjih 
32 6ejiKa. B oGiuen cjio>khocth HaM yuanocb onpeuenHTb 37 GejiKOB (cm. Ta6- 
jiHuy), KOTOpbie mo>kho pa3,zjejiHTb Ha rpynnbi b cooTBeTCTBHH c hx 6hojio™- 
necKOH (J)yHKu,HeH: 6ejiKH uHTOCKeneTa, aHTHOKCHuaHTHbie, TpaHcnopTHbie 
6ejiKH, npOTeojiHTHnecKHe, MeTaGojiHnecKHe (J>epMeHTbi, HHrnGHTOpbi npOTe- 
a3, 6ejiKH c HeH3BecTHoii (|)yHKUiHeH h up. 

EejiKH UHTOCKeneTa (6eTa-Ty6yjiHH, napaMH03HH), o6Hapy>KeHHbie b 3CF1 
O. felineus, xapaKTepHbi TaK^ce jxjik ceKpeTOMOB upyrnx TpeMaTOu (Mulvenna 
et al., 2010; Zheng et al., 2011). FtesecTHO, hto TeryMeHTanbHan (J)opMa napa- 
MH03HHa (cTpyKTypHoro 6enKa mmihu 6ecno3BOHOHHbix) y renbMHHTOB cno- 
co6Ha HrpaTb ponb HMMyHOMOuyJiflTOpa. Xota MexaHH3Mbi ueiiCTBHn napaMH- 
03HHa Ha HMMyHHyio CHCTeMy xo3$iHHa npH onHCTOpxo3e, Bbi3BaHHOM O. feli¬ 
neus, noKa He H3yneHbi, unn upyrax TpeMaTOu, b nacTHOCTH Rim S. mansoni 
(Sambon, 1907) h C. sinensis, noKa3aHO, hto oh GnoKHpyeT KJiaccHnecKHH 
nyTb aKTHBauHH KOMnneMeHTa nepe3 KOHKypeHTHoe CBn3biBaHne KOJuiareHO- 
nouoGHoro pernoHa Clq (Laclette et al., 1992), a TaK>Ke CBn3bmaeT C8 h C9, 
npennTCTByn (J>opMHpOBaHHK) MeMGpaH-aTaKyioiuero KOMnneKca (Park et al., 
2009). TaKnce noKa3aHO, hto uiHCTOCOMbi aucopGnpyiOT Ha noBepxHOCTH Tery- 
MeHTa Gojibmoe KOJinnecTBO 6enKOB xo3^HHa b KanecTBe MacKHpOBKH ot ero 
HMMyHHOH CHCTeMbi h hto napaMH03HH BbiCTynaeT b otom cnynae KaK 6enoK, 
npHCoeuHHniOLUHH Fc-(J)parMeHTbi (Loukas et al., 2001). IlapaMH03HH npeuna- 
rancn KaK KaHunuaT pa3pa6oTKH BaKUHH h ycoBepmeHCTBOBamni HMMyHO- 
unaroHCTHKH unn TpeMaTOu, b tom HHCJie h 6jiH3KOpoucTBeHHoro Bnua C. si¬ 
nensis (Park et al., 2009). KoTenKHH h up. (1997), nccneuyn aHrareHHbiH co- 
CTaB 3Cn O. felineus, TaK^ce noKa3ajiH, hto ouhhm H3 HanSonee 
nepcneKTHBHbix rjvi ycoBepmeHCTBOBaHHn HMMyHOuwarHOCTHKH onHCTOpxo3a 
MO^ceT 6biTb 6enoK 105 K^a, KOTOpbifi no MOJieKynnpHOH Macce MO)KeT coot- 
BeTCTBOBaTb napaMH03HHy. 

CneuyioLuan rpynna GejiKOB — aHTHOKCHuaHTHbie 6enKH (Cu/Zn cynepoK- 
CHuuncMyTa3a (SOD), rjiyTaTHOH-S-TpaHC(J)epa 3 bi (GST), raopeuoKCHH nepoK- 
cnua3a, THOpeuoKCHH). H 3 otoh rpynnbi 3acny^cHBaK)T oco6oro BHHMaHnn 
GST, TaK KaK b 3CFI O . felineus hx couep)KHTC5i 4 H30(J)0pMbi: mk> KJiacca — 
26 kJIzl; cHTMa KJiacca — 28 h 24 K/Ja h GST OMera-1. 3to GoJibine, neM b jiio- 
6bix onHcaHHbix b nmepaType ceKpeTOMax upyrax TpeMaTOu* GST — oGmnp- 
Hoe ceMencTBo 6enKOB, KOTOpbie 3aiuHiuaiOT KJieTKH, CBn3biBan rnyTaTHOH h 
OHuoreHHbie hjih 3K3oreHHbie 3JieKTpo(|)HJibHbie KOMnoHeHTbi, TaKHe KaK Jie- 
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EejiKH, H^eHTH(J)HUHpOBaHHbie b 3Cn MapHTH O.felineus , c noMombio nporpaMMbi Mascot 
(Matrix Science) npoTHB ESTs O.felineus , Digenea_nr h Digeneaprot 


Proteins identified in the excretory-secretory products o ft O.felineus adult worms identified 
with Mascot (Matrix-Science) search engine using O.felineus ESTs and custom build data 

bases (Digenea nr, Digenea prot) 


AHHOTaUHfl 1 

Bh jx 

H.aeHTH^HKaTop 2 

CKOp 3 

cn 4 

EejiKH UHTOCKejieTa 

EeTa-Ty6yjiHH 

C. sinensis 

GAA38205 

242 


IlapaMH03HH 

To yKQ 

ABN79674 

65 


AHTHOKCH^aHTHbie 6eJIKH 

26 Kfla GST 

» » 

3ISO 

2960 


28 Kfla GST 

» » 

AAD17488 

1865 


GST 

O. viverrini 

AAL23713 

1611 


Tuope^oKCHH nepoKCH^a3a 

C. sinensis 

GAA30671 

706 

ECTb 

GST OMera 1 

To >k e 

GAA34234.2 

78 


THOpe^OKCHH 

» » 

GAA55399 

77 


Cu/Zn cynepoKCH^ziHCMyTa3a 

» » 

GAA54059 

53 


MeTa6ojiHHecKne (J)epMeHTbi 
PeTHHOJi-^erii^poreHa3a 

» » 

GAA49763 

1142 


OpyKT030 l,6-6nc(|>oc(^aT ajib^ojia3a 

» » 

GAA50927 

422 


OyKT030-l ,6-6nc(|>oc(|>aTa3a 

» » 

GAA56894 

384 


EHOJia3a 

» » 

GAA51601 

235 


Tpno30(})oc(|>aTH30Mepa3a 

» » 

GAA50993 

98 


JlaKTaT^erHitporeHa3a 

» » 

AAV80238 

92 


YpoKaHaT rn,apaTa3a 

» » 

GAA31650 

86 


ct>oc(|)oeHOJTnHpyBaT-Kap6oKCHJia3a 

» » 

O felineus c045 

62 


rni0K030-6-4)0C(j)aT H30Mepa3a 

» » 

(GAA38235) 

GAA28387 

61 


T jiyTaMaT^ern^poreHa3a 

» » 

GAA53751 

50 


TpaHcnopTHbie GejiKH 

MhohioGhh 

» » 

AAN28366 

5501 


OeppHTHH 

» » 

AAS92978 

458 


FABP 

» » 

O felineus cl26 

74 


npoTeojiHTHHecKHe (J)epMeHTbi 
KaTencHH F npe^niecTBeHHHK 

» » 

(Q8MUC1*) 

ABK91811 

531 

ECTb 

JIeHUHHaMHHonenTH^a3a 2 

» » 

ACR27085 

184 


KaTencHH B1 

» » 

ABM47070 

56 

» 

IJncTenHOBafl npoTea3a 

» » 

O felineus c059 

54 

» 

HHruGHTOpbi npoTea3 

UHCTenHOBoil (putative cysl protein) 

» » 

(ABC69434) 

GAA51719 

214 


cepHHOBoil (leukocyte elastase inhibi¬ 

» » 

GAA48350 

62 


tor) 

npoHne 

llepJieKaH 

» » 

GAA54374 

825 


riepHOCTHH 

» » 

GAA53413 

825 


L(hkjio(J)hjihh A 

» » 

ADY88065 

715 


EejioK ceMencTBa rutC (PH0854) 

» » 

GAA48115 

530 
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IJpodojiDKeHue ma6jiui{bi 


AHHOTaUHH 1 

Bhji 

IXaeHTH(J)HKaTop 2 

CKOp 3 

cn 4 

KonjiareH ajib(J)a-l (IV) uenb 

C. sinensis 

GAA31679 

122 


TOM — ^KOpHbiH rjiHKonpoTenH 

BejiKH c HeH3BecTHOH (J)yHKUHeii 

To ^<e 

GAA49598 

52 

ECTb 

HeH3BecTHbin 6ejioK 

S. japonicum 

CAX74647 

699 


Hen3BecTHbiH 6ejioK 

C. sinensis 

O felineus c061 
(AAM55183) 

512 

» 

Hen3BecTHbiH 6ejioK CLF_101969 

To >Ke 

O felineus cl04 
(GAA48735) 

51 

» 


n p h m e h a h h e. 1 — AHHOTaunH — onHcaHHe 6ejiKa. B cjiynae noncKa npoTHB ESTs O. felineus aH- 
HOTaunH KOHTnroB npoBo^nnacb c noMomwo nporpaMMbi BlastX npn ycnoBnn coBna^eHHJi no3nunn ot- 
KpbiTOH paMKH cHHTbiBaHHH b o6enx nporpaMMax BlastX h Mascot. 2 — IlaeHTHijniKaTop — HOMepa H3 
6a3 ^aHHbix NCBI h SwissProt (OTMeneHO 3bc3^ohkoh). TaK 2 <e b TaSnnne nepeHHCJieHbi HOMepa 
MPHK-KOHTuroB aim 6ejiKOB, KOTOpbie yjiajiocb onpeaejiHTb TOJibKO c noMombio ESTs, Tonta b cKo6Kax 
yna3aH H^eHTH(J)HKaTop cooTBeTCTByiomero 6ejiKa C. sinensis. 3 — CKOp — CKOp nporpaMMbi Mascot 
(Matrix Science). YKa3aH Jiynimin CKOp H3 noncKOB npoTHB Bcex 6a3 jtaHHbix. 4 — CIT — cnrHajibHbin 
nenma. Hajinnue cnmajibHoro nenm^a b GejiKe o6o3HaneHO cjiobom «ecTb». 


KapcTBa hjih TOKCHnecKne MeTaGojiHTbi, npo^yuHpyeMbie npn OKHCjnrrejibHOM 
CTpecce. CnuTaeTCfl, hto y napa3HTOB (JiepMeHTbi ototo ceMeftcTBa, a Taioxe 
SOD, THOpe^OKCHH nepOKCH,a;a3a u THOpe^OKCHH BbinojiHfliOT 3am;HTHyK) jje- 
TOKCH^HKaUHOHHyiO (j)yHKU,HK), o6e3Bpe)KHBafl aKTHBHbie 4>OpMbI KHCJTOpO^a, 
npo^yuHpyeMbie b npouecce ^cH3He^e^TejibHOCTH napa3HTOB, a TaioKe KJieTica- 
mh HMMyHHOH CHCTeMbi xo3HHHa (Callahan et al., 1988; Donnelly et al., 2005). 
Kate n GojibmnHCTBO GejiKOB, o6Hapy5KeHHbix b 3CII renbMHHTOB, 3th 4>epMeH- 
Tbi MHoro(j)yHKUiHOHajibHbi. Tax, npOTeoMHbiMH MeTO,zi;aMH 6biJia Bbi^eneHa 
4>paKu,nfl 3CTI O. viverrini , a b Hen onpe^eneHa GST 28 K,2,a, oGjia^atomaa mh- 
ToreHHon aKTHBHOCTbio in vitro, nyTeM 3a,zjeHCTBOBaHHJi cnrHajrbHbix nyTen 
ERK (o^hh H3 KacKa^OB c ynacTneM MHToreH-aKTHBHpyeMbix npOTenHKHHa3) 
n AKT (KacKa^, ocymecTBJweMbiii nepe3 6ejiKH ceMencTBa npOTenHKHHa3 B) b 
OTHOmeHHH KJieTOHHOH J1HHHH MblUIHHblX (J)H6po6jiaCTOB NIH-3T3 H J 1 HHHH 
HejiOBeMecKHx xojiaHraouHTOB MMNK1 (Daorueang et al., 2012). GST 26 h 
28 K,H,a npe,a,JiaraK)TC^ b KanecTBe nepcneKTHBHbix MHiueHen rjih pa3pa6oTKH 
BaKUHH H COBepmeHCTBOBaHH^ HMMyHO^narOHCTHKH pa3JIHHHbIX TpeMaT0^030B 
(Wei et al., 2010). Tnope^OKCHH nepOKC*ma3y TpeMaTO# TaioKe cne^yeT yno- 
MHHyTb, nocKOJibKy OHa Bbi3biBaeT ajibTepHaTHBHyio aKTHBaumo Maicpo4>aroB h 
npoflBJweT eme n HMMyHOMO^yjiHpyioiijyK) aKTHBHOCTb (Donnelly et al., 2005). 

K cne^yiomeii rpynne 6eJiKOB othocatca MeTa6oJinHecKHe 4>epMeHTbi (ypo- 
KaHaT rn^paTa3a, rjiyTaMaT^ern^poreHaaa, peTHHOJi-,aerH,aporeHa3a), b tom 
HHCJie 4>epMeHTbi yrneBO^Horo o6MeHa (4)pyKT030-l,6-6nc4>oc4>aTa3a, 4>oc4>o- 
eHOJinnpyBaT“Kap6oKCHJia3a, (J>pyKT030 1,6-6HC(J)0C(J)aT anb^0Jia3a, eHOJia3a, 
JiaKTaT^ern^poreHasa, TpH03o4>oc4>aTH30Mepa3a). Xota 3to Tpa^nuHOHHO uh- 
T030JibHbie (|)epMeHTbi, ohh onpe^einnoTCfl y 6ojibinHHCTBa TpeMaTO^ b 3CFI 
(Knudsen et al., 2005; Mulvenna et al., 2010; Zheng et al., 2011; Marcilla et al., 
2012). JXm nacTH 4>epMeHTOB onncaHbi h apynie (|)yHKUHH. HanpnMep, eHOJia- 
3a HeKOTopbix TpeMaTO,zt cnoco6Ha npncoe^HMTb ruia3MHHoreH, hto, Bepo^T- 
ho, noMoraeT napa3HTaM ocymecTBJiOTb npOTeoJiH3 BHeKJieTOHHoro MaTpHKca 
(Marcella et al., 2007). EeJiOK (J)pyKT030“l,6“6HC(|)0C(])aTa3a C. sinensis MO^ceT 
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cneu,H(J)HHecKH CB>i3biBaTbCfl c MeMGpaHOH 3Be3AnaTbix kjictok neneHH in vitro 
(KJieTOHHa^ jihhhji LX-2), Bbi3biBan hx nponH^epauHio h noBbimaji ypOBeHb 
3KcnpeccHH KJiK)HeBbix (JmKTOpOB pa3BHTHH (|)H6p03a (Liang et ah, 2013). 

/IpyrnM Ba^cHbiM KOMnoHeHTOM ceKpeTOMa O.felineus abjuiiotcji TpaHcnop- 
THbie 6ejiKn: mhotjio6hh, (JieppHTHH, 6enoK, CBJObiBaiomHH >KHpHbie khcjiotbi 
(FABP — Fatty Acid Binding Proteins). 3th GejiKH TaioKe xapaKTepHbi rjm 
3Cn ^pyrHx npe^CTaBHTejieii ceM. Opisthorchiidae (Ju et al., 2009; Mulvenna 
et al., 2010; Zheng et al., 2011). MhohioGhh TpeMaTO^ ynacTByeT b TpaHcnop- 
Te KHCJiopo^a, oGjia^aa 6ojibuiHM cpo^CTBOM k KHCJiopo,zjy, neM nioGHHbi xo35i- 
HHa, hto MO^ceT 6biTb Ba^cHbiM (J)aKTOpOM oGecneneHra BbMHBaHM napa3HTOB 
b oGe^HeHHOH KHCJiopOAOM cpe^e (Rashid et al., 1997). OeppHTHH HrpaeT u,eH- 
TpaubHyK) pojib b no^ep^caHHH MOJieKyn ^cene3a b pacTBOpHMOH h HeTOKCHH- 
hoh (J)opMe, MHHHMH3HpyH CBoGoAHO-pa^HKajibHbie peaKUHH h npe^OTBpamaa 
noBpe^eHHe KJieTOK. FABP CBfl3biBaK)T noMHMO >KHpHbix khcjiot eme CTepo- 
jibi, jiH30(|)0C(J)0JiHnH ( abi, reM h ^cejiHHbie nHTMeHTbi, TaK>Ke BbinojiHflfl ^eTOK- 
CH(J)HKauHOHHyK) (J)yHKu,HK) (Glatz, van der Vusse, 1996). H3BecTHO, hto Tpe- 
MaTO^bi He MoryT CHHTe3HpOBaTb >KHpHbie khcjiotm de novo h ^ojdkhh nojiy- 
naTb hx ot xo3^HHa. FlooTOMy FABP npHHHMaiOT ynacTHe b niHpOKOM cneKTpe 
GHOJiorHHecKHx npoueccoB napa3HTOB (cJ)opMHpOBaHHe MeM6paH, C03peBaHHe 
nojiOBOH CHCTeMbi, npo,ztyKUHH/co3peBaHHe jihu; h t. r.). TaKHM o6pa30M, 
FABP HBJUHOTCfl XOpOIHHMH MHIIieHflMH RJ1X pa3pa60TKH HOBbIX JieKapCTB H 

BaKUHH (Wei et al., 2010). 

B ceKpeTOMe O. felineus H^eHTHcJiHUHpOBaHbi cne^yionjiHe npOTeojiHTHne- 
CKHe GejiKH: KaTencHHbi F h Bl, uHCTeHHOBaa npOTea3a h jieHUHHaMHHonenTH- 
^a3a 2. HHTepecHO, hto cneKTp npoTea3 b 3Cn y npe^CTaBHTejiefi ceM. Opist¬ 
horchiidae 3aMerao pa3JiHnaeTCH (Ju et al., 2009; Mulvenna et al., 2010; Zheng 
et al., 2011). HanpHMep, y O. viverrini o6Hapy)KeH tojibko KaTencHH D b mhhh- 
MaJlbHOM KOJIHHeCTBe, HTO n03BOJIHJIO BBTOpaM npe^nOJlO^CHTb, HTO npOTea3bI 
He flBJDHOTCfl OCHOBHbIM KOMnOHeHTOM 3CFI 3T0T0 napa3HTa B OTJIHHHe OT 
,apyrHx TpeMaTOA, b tom HHCJie h 6jiH3KOpo,zi;cTBeHHbix bh^ob (Mulvenna et al., 
2010). B ceKpeTOMe >Ke C sinensis pa3HOo6pa3He npOTea3 GbiJio GoJibme: Ka- 
TencHHbi B, B2, uHCTeHHOBbie npOTea3bi, aMHHonenTH^a3a, jieryMaHH (Ju et 
al., 2009; Zheng et al., 2011). JieryMaHH npH 3tom OTMeneH KaK Ma>KopHbiH aH- 
THreH 3Cn, n03T0My ero peKOM6HHaHTHaa (J)opMa GbiJia peKOMeH^OBaHa rjih 
ycoBepmeHCTBOBaHH^ HMMyHO^narHOCTHKH KJiOHOpxo3a (Ju et al., 2009). Xoth 
b EST-6H6jiHOTeKe (Pomaznoy et al., 2013) npncyTCTByeT HecKOJibKO cooTBeT- 
CTByiom,Hx 3T0My GejiKy TpaHCKpnnTOB, JieryMaHH He 6bui oGHapy^ceH b 3CFI 
O. felineus. Eonee cjiohchbih cocTaB npOTea3 b 3CF1 O. felineus no cpaBHeHHK) 
c TaKOBbiM O. viverrini MO^ceT GbiTb o^hoh H3 npHHHH GoJiee Bbipa^ceHHOH na- 
ToreHHOCTH O. felineus npH cpaBHHTejibHOM HCCJie^OBaHHH naTOJiorHnecKHx 
npOHBJieHHH b neneHH Ha MO^ejiH jiaGopaTOpHbix >khbothmx npH onHCTOpxo- 
3ax, Bbi3BaHHbix 3thmh rejibMHHTaMH (Lvova et al., 2012). Xora y ^chbothmx, 
3 apa)KeHHbix O. felineus , HaGnio^aJic^ GoJiee BbipajKeHHbiH (J)H6p03, rnneproia- 
3hh, MeTanjia 3 HJi onmejira (Lvova et al., 2012), HaM He yzjajiocb b 3CFI onpe- 
^ejiHTb rpaHyjiHH (roMOJior pocTOBoro (jiaKTOpa nejiOBeKa), o6Hapy^ceHHbiH b 
3Cn y O. viverrini (Mulvenna et ah, 2010). FIoKa3aHO, hto rpaHyjiHH O. viver¬ 
rini ABJiaeTCfl MHToreHOM b oneHb hh3khx KOHueHTpaunax (Smout et ah, 2009). 

Hapn^y c npOTea3aMH b 3CFI O. felineus npHcyTCTBOBajiH hx HHTH6HTOpbi, 
npHHa,ajie}KamHe k ceMeircTBaM cepHHOBbix (leukocyte elastase inhibitor) h 
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UHCTeHHOBbix (putative cysl protein) hhthGhtopob HpOTea3. rioKa3aHO, hto 
3TH 6eJlKH y reJlbMHHTOB HHrnGHpyiOT aKTHBHOCTb KaK HX C 06 cTBeHHbIX npo- 
Tea3, TaK h HpOTea3 xo3HHHa, a TaK^ce oGna^aiOT HMMyHOMOAyjmpyiomHMH 
CBOHCTBaMH (Dzik, 2006). 

Taioice HaMH 6biJin onpe,ztejieHbi TaKne GejiKH, KaK u,hkjio(J)hjihh A, KOJiJia- 
reH ajib(J)a-l. BnepBbie rjik onHCTOpxH^ b ceKpeTOMe O.felineus GbiJin h ^ hth - 

(J)HUHpOBaHbI rJ!HK03HJl(|)0C(J)aTHAHJIHH03HT0Jl (TOH) - AKOpHblH TJIHKOnpO- 

TenH (GPI-anchored surface glycoprotein), nepjieKaH (basement membra¬ 
ne-specific heparan sulfate proteoglycan core protein, npOTeorjiHKaH renapaH 
cyjib(J)aT) h nepnocTHH. TaK, T®H — AKOpHbiii rjimconpOTeHH, BbiAejnieMbiH 
S. mansoni , CBJi3biBaeTCfl c jinnonpOTenHOBbiMH nacTHuaMH xo3>iHHa. AHTHTe- 
jia, aTaKyiomne 6ejiOK napa3HTa, o6pa3yiOT c hhmh HMMyHHbie KOMnjieKCbi. 
KjieTKH, Hecyntne peneriTOpbi k Fc-(J)parMeHTy HMMyHonio6yjiHHOB, 3axBaTbi- 
BaiOT 3TH KOMnjieKCbi, HTO npHBO^HT K HaKOIIJieHHK) B HHX 3HaHHTeJlbHOTO KO- 
jinnecTBa jinnonpOTenHOB h HapymeHmo jinnH^Horo roMeocTa3a. B nacTHO- 
CTH, 3T0 CnOCoGCTByeT CHH^CeHHK) ^CH3HeCnOCo6HOCTH HeHTp0(|)HJ10B H, TaKHM 
o6pa30M, BHOCHT BKJia# B pa3BHTHe He3(J)(J)eKTHBH0r0 HMMyHHOrO OTBeTa npo- 
thb napa3HTa (Sprong et al., 2006). nepnocTHH — xopomo royneHHbiH 6enoK 
nejiOBeKa, jmraH^ j\j\n nmerpuHOB, oGecnennsaeT a,a;re3HK) h MHrpaumo 3im- 
TejmajibHbix KJieTOK, ynacTByeT b paH03amiBJieHnn, OTMenaeTca ero noBbi- 
uieHHaa 3Kcnpeccmi b p^e onyxonen, b tom HHCJie npn xonaHmoKapunHOMe, 
noKa3aHO ero 3HanHTejibHoe HaKonjieHne b KJieTKax CTpOMbi h onyxojin (Mor- 
ra, Moch, 2011). Ponb nepHOCTHHa y rejibMHHTOB HeraBecTHa. 

HHTepecHO, hto KaK h b Apyrax HCCJie^OBaHH^x ceKpeTOMOB TpeMaTO#, Mbi 
o6Hapy^cHJin b cocTaBe 3CF1 O.felineus Gonbinoe KOJinnecTBO He ceKperapye- 
mhx 6 ejiKOB (cm. TaGjiHuy), t. e. 6ejiKOB, He HMeiomHx cnrHajibHbix nenmzjOB 
(H30(J)OpMbi GST, uHT030JibHbie h uHTOCKejieTHbie GejiKH). 3T0My ecTb no 
KpanHeii Mepe HecKOJibKO o6i>flCHeHHH. Xotji MapHTbi O. felineus MoryT Bbi- 
>KHBaTb b KyjibTypajibHOH cpe,zte ^jimejibHoe BpeMa (1 Mec. h Gojiee) (Kohzjhh- 
ckhh, 1974), TeM He MeHee ycjiOBHa in vitro jxjih hhx He onTHMajibHbi. B ecTe- 
CTBeHHblX yCJlOBH^X npOHCXO^HT nOCTO^HHOe oGHOBJieHHe nOBepXHOCTHOrO 
cjioh TeryMeHTa, KOTOpoe HrpaeT pOJib b H36 eraHHH napa3HTOM HMMyHHoro OT¬ 
BeTa xo35iHHa (Hanna 1980; Robinson et ah, 2009). YcjioBmi >Ke in vitro , c oji - 

HOH CTOpOHbl, flBJlflK)TCfl CTpeCCOBbIMH napa3HTa, H CKOpOCTb o6MeHa no- 
BepxHOCTHoro cjioa TeryMeHTa MO)KeT yBejiHHHBaTbCfl, a c ^pyroft, — bo3mo>k- 
ho, HeT nojiHOueHHOH 3aMeHbi «c6pomeHHbiM» ynacTKaM noBepxHOCTH 
TeryMeHTa, BCJie^cTBHe Hero b KyjibTypaJibHyio cpe,zjy MoryT nona^aTb («no,zt- 
TeKaTb») h HaKanjiHBaTbC^ uHT030JibHbie h UHTOCKejieTHbie 6ejiKH (Morphew et 
ah, 2007). C Apyroft CTOpOHbl, npHcyTCTBHe HeceKpeTOpHbix 6ejiKOB b 3Cn 
MO^ceT 6biTb CBH3aHo c hobbimh MexaHH3MaMH ceKpeinm. TaK, ana jipoyKyKeu c 
noMom,i>K) pa3JiHHHbix OKcnepHMeHTajibHbix no^xo^OB (reHeTHnecKHX, uhto- 
jiorHHecKHx h npoTeoMHKH) GbiJio HeTKO noKa3aHo, hto 3HOJia3a ^a^ce b OTcyT- 
CTBHe THnHHHoro CHrHajibHoro nen™,zja ceKperapyeTca Ha noBepxHocTb, Be- 
pOHTHO, C nOMOmbK) HOBbIX (HeH3BeCTHbIX Ha flaHHblH momcht) CeKpeTOpHbIX 
MexaHH 3 MOB (Lopez-Villar et ah, 2006). f{jin 3 HOJia3bi Echinostoma caproni 
(Richard, 1964), He HMetomeii CHrHajibHoro nenTmta h AB-mnomeiiCfl KOMno- 
HeHTOM 3Cn, noKa3aHO HajiHHHe Ha N-KOHu;e GejiKa bmcoko KOHcepBaTHBHoro 
pernoHa, roMOJiorHHHoro TaKOBOMy y HeMaTO,ztbi Trichinella spiralis (Owen, 
1835), KOTOpbih 5iBji^eTC^ npe^nojio^cHTejibHo ajibTepHaTHBoft CHrHajibHOMy 
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nermizjy (Nakada et al., 2005; Marcilla et al., 2007). H HaKOHeu, nocjie^Hee 
BpeMH iiiHpOKO HCCJieAyeTC^ ceKpeinw c noMombio BHeKJieTOHHbix Be3HKyji, b 

TOM HHCJie 3K30C0M. 3t0 ny3bIpbKH 30 - 100 HM B AHaM., C nOMOLUibK) KOTOpbIX 

ocymecTBJifleTca aTHnHHHaji ceKpeura GejiKOB y pa3JiHHHbix opraHH3MOB, b 
tom HHCJie h napa3HTOB (Marcilla et al., 2012). TaK AOKa3aHO, hto E. caproni h 
F. hepatica ceKpeTHpyiOT 6ojibiiiHHCTBO onpe^ejieHHbix b hx 3CH 6ejiKOB b 
npocTpaHCTBO Me>KAy napa3HTOM h xo3ahhom c noMombio 3K30COMonoAo6Hbix 
Be3HKyji h k TOMy >Ke kjictkh xo3HHHa aKTHBHO hx 3axBaTbiBaiOT (Marcilla et 
al., 2012). TaKHM o6pa30M, 3 th Be3HKyjibi HrpaiOT 3HaHHTejibHyio pojib bo 
B 3aHMOOTHomeHrax Me^y napa3HTaMH h xo3ahhom (Silverman, Reiner, 2011; 
Marcilla et al., 2012). J\mi O.felineus noKa3aHO, hto TeryMeHT MapHTbi o6jia- 
AaeT BbICOKOH CeKpeTOpHOH aKTHBHOCTbK), H B TOJIIIje eTO HaXOAHTCfl Gojlbmoe 
KOJIHHeCTBO Be3HKyJl H 3JieKTp0HH0-nJI0THbIX BKJIIOHeHHH pa3J!HHHOH (J)OpMbI, 
bmxoa KOTOpbix Ha noBepxHOCTb ocymecTBJiaeTCfl MepOKpHHOBbiM cnoco6oM 
(KynepMaH h a p., 1991). Bee 3to no3BOJuieT npeAnojio>KHTb HajiHnne y O.feli¬ 
neus ceKpeuHH c noMomt>io 3K30 COmohoao6hbix Be3HKyji, ho 3to TpeGyeT ao- 
nOJlHHTeJlbHblX HCCJieAOBaHHH. 

J\nn 3HanHTejibHOH nacTH nenTHAOB TaK h He yAajiocb BbiflBHTb 3HanHMoro 
cxoACTBa c KaKHMH-jiH6o GejncaMH. TaKaji tkq CHTyainni onncaHa ApyrHMH as- 
TOpaMH npH HCCJieAOBaHHH 6ejiKOBoro cocTaBa 3CI1 TpeMaTOA, npOBOAHMoro 
c pa3ACJieHHeM CMecn GejiKOB b nojinaKpHJiaMHAHOM rejie h 3aTeM Macc cneK- 
TpOMeTpnnecKHM aHajiH30M nojiyneHHbix njiTeH (Curwen et al., 2004; Ju et al., 
2009; Knudsen et al., 2005). npH nccjieAOBaHHH TpaHCKpnnTOMOB 6jih3kopoa- 
CTBeHHbix bhaob O. viverrini h C. sinensis TaKJKe OKa3ajiocb, hto okojio 70 % 
GejiKOBbix nocjieAOBaTejibHOCTeii y KajKAoro bhaa He HMeiOT tomojiotob b cy- 
mecTByiomHx 6a3ax a^hhux (Young et al., 2010). Abtopbi HCCJieAOBaHwi 
npeAnojiaraiOT, hto 3th GejiKH abjuuotcji cneu;H<j)HHHbiMH rjix Ghojiothh othx 
neneHOHHbix napa3HTOB, AJifl hx AJiHTejibHoro cymecTBOBaHHfl b opraHH3Me 
OKOHnaTejibHoro xo3*iHHa h, CKopee Bcero, hmchho cpeAH hhx cjieAyeT HCKaTb 
noTeHUHajibHbie MHmeHH ajhi pa3pa6oTKH hobmx jieKapCTB h BaKUHH (Young 
etal., 2010). 


BejiOK Of-HDM ceMencTBa 3amHTHbix MOJieKyji 
rejibMHHTa b 3CF1 O. felineus 

Hame BHHMaHHe npHBJieK 6eJioK — KOMnoHeHT 24-nacoBon (JipaKUHH 3CIT 
O. felineus , roMOJiorHHHbin 6ejiKy C. sinensis (GenBank HOMep AAM55183) c 
Hen3BecTHOH (JiyHKimeH. BbiJio onpeAejieHO, hto otot 6ejiOK c MOJieKyjmpHOH 
MaCCOH 8 KjfSL COA^p^CHT 90 aMHHOKHCJlOT, npHHeM nepBbie 20 aMHHOKHCJlOT 
hbjhhotch CHTHajibHbiM nenTHAOM. AHajiH3 aMHHOKHCJiOTHOH nocjieAOBaTejib- 
hocth 3toto 6ejiKa c noMombio pecypca InterPro noKa3aji OTcyTCTBHe Ka- 
KHX-JIH60 KOHCepBaTHBHbIX AOMeHOB HJ1H mothbob. Oahbko npeACKa3aHHafl 
BTopHHHaH CTpyKTypa 6biJia cxo^ca c TaKOBOH 6eJiKa FhHDM-1 ( F. hepatica 
Helminth Defense Molecule-1) (GenBank HOMep CCA61804.1), h npoBeAeH- 
Hoe BbipaBHHBaHHe aMHHOKHCJioTHbix nocJieAOBaTejibHocTen othx AByx 6eji- 
KOB nOATBepAHJIO HX rOMOJIOTHK) (CM. pHCyHOK, A). AHaJlH3 CnHpaJIbHbIX 
CTpyKTyp 6ejiKa (helical wheel analysis) noKa3aji, hto nenTHAbi Ha C-KOHue (c 
67 no 89 aMHHOKHCJioTy) o6ohx 6ejiKOB (jiopMHpyiOT neTKyio aM(J)HnaTHHe- 
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CCA61804.lFhHDM-1 
Of-HDM 


A 


MRFIVLLCLAWLLAAYVEAR PSEE SREKLRE SGRKMVKALRDAVTKAYE 50 
MRLTVFICLVLVLFVAHAEA RPNEETRAKLRESGQKLWAAVLSAVKKCAE 50 
* * ****** ; + ; * : * 


CCA61804.lFhHDM-1 
Of-HDM 


KARDRAMAYLAKDNLGEK 

rfkqrveeylekdnlgek|l 


E TEVITILLNRLTDRLEKYAG 
AEIIKILSERLTKRIENYVKE 


N 90 
90 


* * ************ ** 


• *** *•* • * 


E 




CpaBHHTenbHbiH aHajiH3 GenKOB Of-HDM ( O.felineus — Helminth Defense Molecule) h 
F hHDM-1 (F. hepatica — Helminth Defense Molecule-1). 

A -BbipaBHHBaHHe aMHHOKHCJIOTHBIX ITOCJietfOBaTeJIBHOCTeH OeJIKOB. IIoZlHepKHyTbl CHFHajlBHbie nenTH^BI, B 

paMKy BBiaejieHBi roMOJiornHHBie ynacTKH c 67 no 89 aMHHOKncjioTBi Ha C-KOHije SejiKOB, HMeiomne btophh- 
Hyio CTpyKTypy aJiB^a-cnnpajm. 3Be3flOHKaMH of>03HaneHBi HfleHTHHHBie aMHHOKncjioTBi, nBoeTonneM n toh- 
kom —- pa3Haa CTeneHB (J)H3HKo-xHMHHecKoro cxoflCTBa aMHHOKHCJioT, E — aHajiH3 cnnpajiBHBix CTpyKTyp 6eJi- 
Ka (helical wheel analysis). noica3aHa neTKaa aM^nnaTHHecKaji cTpyKTypa C-KOHijeBBix nenTHflOB o6onx 6ejiKOB 
(BBineJieHBi paMKOH Ha pHcyHKe, A), cocToaiijaa H3 rHflpo(])of)Horo h rH^po^HJiBHoro ynacTKOB. rjmpo<})o6HBie 

aMHHOKHCJIOTBI 0603HaneHBI HepHBIMH 6yKBaMH B GeJlBIX Kpyxcxax, rHflpO(j)HJIBHBie-GeJIBlMH GyKBaMH B nep- 

hbix Kpyxcxax, CTpenxa yKa3BiBaeT Ha rnflpo(J)o6HBra ynacTOK. 

Comparative analysis of the Of-HDM ( O.felineus — Helminth Defense Molecule) and 
FhHDM-1 (F. hepatica — Helminth Defense Molecule —1) proteins. 


cfcyio ajib^a-cnupaub, hto hbjihctch ocoOeHHOCTbio OenKOB ceMeficTBa HDMs 
(cm. pHcyHOK, E). BeuKH 3Toro ceMeiicTBa xapaKTepH3yioTCH cxoacecTtio §yn- 

KlfHH H 6HOXHMHHCCKHX CBOHCTB C HeJIOBeneCKHMH 3aiU,HTHbIMH neriTH^aMH 

(host defence peptides — HDPs) — KaTejiniwjHHaMH. Ha cero^HHiiiHHH ^eHb 
HanSonee H3yneHHbiM OejiKOM, othochiuhmch k 3TOMy ceMencTBy, HBJineTCH 
nen™^ 8kDa — FhHDM-1, ceKpeTHpyeMbiii TpeMaTO^oii F. hepatica (Robin¬ 
son et al., 2011). B o6ohx cuynanx nenra^bi co^ep^caT 21 aMHHOKHCJiOTy, fyop- 
MHpyiomyio aMtjjHnaTHHecKyio aJib(|)a-cnHpaJib, KOTOpan odna^aeT 3HanHTejib- 
HblM CTpyKTypHbIM CXO^CTBOM C OHOaKTHBHbIM aHTHMHKpoOHbIM nenraAOM 

nenoBexa LL-37 (37 aMHHOKHcnoTHbm C-KOHijeBOH neural Genica hCAP18) 
(Robinson et al., 2011). noKa3aHO, hto FhHDM-1 o6jia,aaeT HMMyHOMO^yjiH- 
pyiomHMH CBOHCTBaMn: npen^TCTByeT nponeccHHry aHTHreHOB b MaKpot^arax 
xo3HHHa, hto b cbok) onepe^b HapyuiaeT npe3eHTanmo aHrareHOB Ha noBepx- 
hocth MaKpotJiara, npen^TCTByn pa3BHraio 3(J)(^eKTHBHoro HMMyHHoro OTBeTa, 
a TaK^ce nperwTCTByeT pa3BHTHK) BOcnaneHHH, HH^ynHpOBaHHoro oh^otokch- 
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hom 6aKTepHH, CBJi3biBa5i h Hapymaa ero B3aHMOAeHCTBHe c peuemopaMH Ha 
noBepxHOCTH MaKpo(J)aroB h npeAOTBpamaa ceKpeu,HK) Me^HaTOpOB Bocnane- 
hha. O^HaKO FhHDM-1 He o6jia,aaeT npAMoii aHTHMHKpo6HOH h reMOJiHTHne- 
CKOH aKTHBHOCTbK), B OTJIHHHe OT KaTeJIHU,H^HHOB X03AHHa. 


3AKJHOHEHHE 

HaniH pe3yjibTaTbi noKa3biBaK)T, hto cocTaB ceKpeTOMa O.felineus cjio>k- 
Hbifi h coacp>kht HiHpOKHH cneKTp MHoro(J)yHKu,HOHajibHbix 6ejiKOB. 3th A&H- 
Hbie BHOCAT Ba^CHblH BKJ1BA B nOHHMaHHe MOAeKyAflpHbIX MexaHH3MOB, Ae^ca- 
LLJHX B OCHOBe MOAyJIHpOBaHHfl HMMyHHOH CHCTeMbI H MOp(J)0(J)yHKUHOHaAb- 
Hbix naTOAorHnecKHx H3MeHeHHH b OKpy^caiomHx napa3HTa tkbhax npH 
xpOHHHecKOM onHCTOpxo3e. BnepBbie b coeraBe 3Cn onHCTOpxHA Gbm onpe- 
AejieH 6eAOK (Of-HDM), npHHaAAe^camHH k HOBOMy ceMefiCTBy 3amHTHbix 
MOAeKyA reAbMHHTa. TaK KaK 3CT1 O.felineus ABAaeTCA HanGoAee nepcneK- 

THBHblM B OTHOHieHHH HMMyHOAHarHOCTHKH, A^AbHeHIUHe HCCAeAOBaHHfl HM- 
MyHoreHHbix cbohctb onpeAeAeHHbix hbmh GeAKOB noMoryT b pa3pa6oTKe Bbi- 
C0K03(J)(J)eKTHBH0H AHarHOCTHKH Ha OCHOBe HX peKOMGHHaHTHbIX (J)OpM. Ilo- 
noAHeHne Hamnx 3HaHHH o cocTaBe TpaHCKpHnTOMa O.felineus , HecoMHeHHO, 
npHBeACT K GOAee nOAHOH HACHTH(|)HKaUHH H (JjyHKUHOHaAbHOH aHHOTaUHH 
ero ceKpeTOMa. 
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SUMMARY 

The opisthorchiasis caused by Opisthorchis felineus, the Siberian liver fluke remains a 
serious public health problem in Russia and Eastern Europe. Proteomic identification of 
the proteins in the excretory-secretory products (ESPs) released by O . felineus is an impor¬ 
tant key for the investigation of host-parasite interactions and understanding the mecha¬ 
nisms involved in parasite survival within the host. In the ESP of O . felineus we have iden¬ 
tified 37 proteins using high-resolution proteomics approach (LTQ-FT-ICR mass spectro¬ 
meter). The O. felineus secretes either excretes a complex mixture of proteins including: 
glycolytic enzymes (enolase, aldolase, fructose-1,6-bisphosphatase and other); detoxifica¬ 
tion proteins (4 iso form of glutathione S-transferases, Cu/Zn superoxide dismutase, thiore- 
doxin peroxidase, thioredoxin); cytoskeletal proteins(beta tubulin and paramyosin); a 
number of proteases (cathepsin F, Bl, leucin aminopeptidase 2); protease inhibitors (puta¬ 
tive cysl protein, leukocyte elastase inhibitor), binding proteins (ferritin, myoglobin, 
FABP) and other. In the O . felineus ESP we also identified Of-HDM protein belonging to 
a novel family «helminth defence molecules)) (HDMs). The O. felineus proteins identified 
in this study provide necessary information for the further investigation of molecular mec¬ 
hanisms of opisthorchiasis pathogenesis and some of them would be of interest as potential 
antigens for vaccine and immunodiagnostics development and as potential new anthelmin¬ 
tic drug targets. 
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